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Horizontal gene transfer (HGT) involves transmission of genetic material between organisms [1, 2] . This pattern of inheritance contrasts with the typical transmission of genetic material from parent to offspring. HGT is usually detected using phylogenetic trees to identify gene ancestries that contradict established species' phylogenies by placing one species, or group of species, within a clade of unrelated species [2] . Such analyses have demonstrated that HGT has occurred at a very high frequency among prokaryotes [1] , especially among genes classified in the 'operational' category (e.g., genes of intermediary or secondary metabolism). By comparison, 'informational genes' (genes involved in transcription, translation and replication) appear to undergo a much lower frequency of transfer [3] . HGT is thought to occur at a lower frequency in eukaryotes because several cellular characteristics act as partial barriers to the incorporation of foreign genetic material (e.g., the membrane-bound nucleus, segregation of reproductive and somatic cell lines in multicellular organisms, and differential intron processing) [2] . Nonetheless, a new study by Slot and Rokas [4] reported in a recent issue of Current Biology highlights the potential for transfer of large clusters of genes between distantly related fungi. Fungi are extremely successful eukaryotic microbes, especially in terrestrial environments where they constitute the principal recyclers of biomass and establish important commensal and pathogenic interactions with both plants and animals [5] . Biological innovations that underpin this success include possession of a robust chitin-rich cell wall and an osmotrophic feeding habit (secretion of enzymes to break down complex polymers in the extracellular environment followed by uptake of metabolic subunits). These cellular adaptations are linked: the chitin wall reinforces the fungal cell and enables it to resist substantial osmotic pressures produced during osmotrophic feeding and growth of fungal hyphae in diverse and heterogeneous environments. These adaptations drive the high metabolic rate, fast growth, and ecological success of the Fungi [6] . However, as a consequence of this lifestyle, fungi have lost the ability to perform phagocytosis and therefore cannot engulf and digest prey cells like many other eukaryotes. This is a key factor when we consider biological processes that may underlie HGT, because phagotrophy has been suggested to be a major source of gene transfer into eukaryotes [7] . In support of the 'you are what you eat' hypothesis, phylogenomic analysis of unicellular eukaryotes that feed by phagotrophy has demonstrated that these microbes have obtained genes from their prey, thereby establishing phagotrophy as a route for HGT into eukaryotic genomes [8, 9] . Conversely, these observations suggest that key adaptive strategies and cellular characteristics of fungi constitute additional barriers to HGT. Does this mean that HGT has played an insignificant role in the evolutionary diversification of the Fungi?
A growing body of data suggests this is not the case, with several studies identifying the transfer of individual or small clusters of genes into fungal genomes (e.g., [10] [11] [12] [13] [14] [15] [16] [17] [18] ). The recent study by Slot and Rokas [4] goes further still by demonstrating that HGT can move large clusters of genes between fungi, providing radical additions to the metabolic network of the recipient. Slot and Rokas identified the HGT of a 23-gene cluster from the Aspergillus lineage to Podospora. These two groups are distantly related members of the Pezizomycotina, a subphylum within the Ascomycota [5, 19] , (Figure 1 ). The 23-gene cluster includes genes that putatively encode the entire sterigmatocystin synthesis pathway, a toxic and mutagenic compound and a precursor of aflatoxins. Gene-bygene phylogenetic analysis demonstrated all 23 Podospora genes branched with genes from Aspergillus. Taking into account differential gene loss, these phylogenetic results are in direct contradiction to the species phylogeny [19] , (Figure 1 ) and are consistent with HGT between these fungi. Furthermore, the ''remarkable microsynteny and sequence conservation'' [4] of the gene cluster shared by both the Aspergillus and Podospora provides additional evidence to support the HGT hypothesis. These data change our perception of how HGT operates in fungi by demonstrating that HGT can convey large chunks of genome that encode entire metabolic pathways between distantly related fungi in a single event.
Although HGT is thought to occur at a comparatively low frequency in the Fungi, these new data support two hypotheses relating to gene transfer and fungal genome evolution. Fungal genes encoding intermediary and secondary metabolic pathways tend to be located in gene clusters. Therefore, as gene clustering of functionally linked genes can theoretically favour HGT because clustering leads to co-transfer of linked functions [20] , HGT may lead to propagation of gene clusters in fungi [12] . The data presented by Slot and Rokas [4] are consistent with this hypothesis. Secondly, fungi form intimate ecological and cellular associations with many different species in nature, either as symbionts or pathogens, providing opportunity for gene transfer. Again, the data presented by Slot and Rokas [4] are consistent with this hypothesis because both Podospora and Aspergillus have overlapping niches and often occupy the same saprophytic environments.
The search for HGT in the Fungi proceeds at pace, with recent studies demonstrating that fungi have acquired genes by HGT from prokaryotes (e.g., [11, 18] ) and have even undergone a small number of HGTs with plants following millions of years of close ecological association [10] . Yet interestingly, the examples identified by Slot and Rokas [4] add to an increasing list of gene transfers between fungi [4,12-17], (Figure 1 ). The inventory of HGTs identified represents a relatively small fraction of any of the fungal genomes studied. Consequently, the scale of transfer is unlikely to prevent the accurate resolution of a fungal phylogeny, as some have suggested to be the case for the prokaryote phylogeny [1] , but will provide an interesting source of future research as investigators compare trait evolution with the fungal species phylogeny.
Numerous additional questions emerge from this body of work. For example, does HGT in fungi follow the same pattern as for prokaryotes, i.e., with HGT mainly affecting operational genes, while informational genes remain relatively untouched [3] ? By what mechanism does HGT occur in fungi? Does the absence of phagotrophy mean that HGT predominately arises from secondparty cells that form intimate ecological and cellular associations with fungi (i.e., other fungi)? Is HGT between fungi a more prevalent phenomenon than prokaryote-to-fungi HGT? Tackling these questions will help us to understand how traits have evolved in the fungi and will also help us to better appreciate relative barriers to gene transfer in natural environments. Nonetheless, it is now clear HGT can convey large gene clusters encoding enzymes with linked metabolic functions between fungi. a gene transfer ratchet could account for bacterial genes in eukaryotic nuclear genomes. Trends Genet. 14, 307-311. 8. Loftus, B., Anderson, I., Davies, R., Alsmark, U.C., Samuelson, J., Amedeo, P., Roncaglia, P., Berriman, M., Hirt, R.P., Mann, B.J., et al. Aspergillus nidulans (14) Aspergillus clavatus (11) Aspergillus fumigatus (20) Neosartorya fischeri (20) Coccidioides immitis (8)
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